This paper focuses on the gesture analysis in order to compare two human gestures. The orientations and the positions of the gestures are both taken into account and the similarity rate between two gestures is calculated. In our case, the application is in obstetrics and the aim is to evaluate forceps blade placement. The method is based on the curvature analysis of the paths during the gesture. The 3-D position paths are expressed according to their cumulated chord length and the orientation paths in the quaternion unit space. These parameterizations lead to analyze data in space independently to time as requested by physicians. After filtering data in order to minimize sensor noises, the gestures are then compared by calculating the correlation between the position and the orientation curvatures of a novice gesture and an expert one. The results clearly show that novice skills in handling forceps increase in becoming smoother and closer to the reference placement. A childbirth simulator allows novices to acquire experience without any risks, however the training have to be completed with the extraction gesture evaluation and a compulsory training period in the delivery ward.
Introduction
Most of the time an experienced physician transfers his knowledge to junior physicians during real cases by verbal commands. To check if the gesture acquisition is correct, it is based only on the judgment of the experienced physician. A medical simulator offers a risk-free training to acquire experience. Medical simulators are available to train in laparoscopic [1, 2] , or otologic [3] surgery but also for physical therapists to train for the palpatory diagnosis [4] , for gynecologists to train to insert implants [5] and for the hysteroscopic procedure [6] . Concerning the obstetricians, they can train on childbirth simulators [7] [8] [9] [10] .
The aim of all these simulators is to provide risk-free training. One of the difficulty is to estimate how the training influences the operator skills. In order to certify junior physicians (trainees) in their ability to carry out a medical gesture, it is necessary to study their gesture compared to an experienced physician (trainer). The problem relies on finding methods to compare paths to a reference defined from trainer gestures according to obstetrician requests. In this paper, we propose a new method to evaluate physician's gesture by calculating the similarity rate between two gestures. We propose to illustrate our method with the gesture of forceps blade placement in obstetrics. This paper is divided in three parts. The first part presents briefly the BirthSIM simulator used to record obstetrician gestures and the different available methods in the literature to study gestures. Then, the second part relies on the training offered to obstetricians and the method we developed to analyze the obstetric gesture according to obstetrician requests. It is based on the curvature of the positions and the orientations. Finally, in the third part the results while training three junior obstetricians are presented. To conclude this paper, we present the future researches we plan to carry out.
Tools and methods to analyze medical gestures

The childbirth simulator: BirthSIM
In this paper, the application is in obstetrics and in particular the gesture of forceps blade placement is discussed. To record the obstetric gestures, the BirthSIM simulator [10] and its instrumented forceps [11] are used as shown on Fig. 1 .
This simulator offers to use forceps instrumented with two electromagnetic sensors (one on each blade) with the ability to measure six degrees of freedom. These sensors allow to record the forceps paths inside the maternal pelvis. It is thus possible to quantify the evolution of the trainee skills during their forceps blade placement training. 
Analysis of medical gestures
The studied obstetric gesture can be divided in two steps: on the one hand the forceps blade placement and on the other hand the extraction gesture. In this study, we only focus on the forceps blade placement. Trainees have first to correctly acquire the forceps blade placement before proceeding to the second stage in extracting the fetus. Indeed, according to [12] , to some extent it is less dangerous to exert an important tractive effort when the forceps are correctly placed than to exert a correct effort when the forceps are misplaced on the fetal head. The forceps positions on the fetal head are crucial to minimize the risks linked to their use. This study thus focuses on the quality of the forceps blade placement and do not take into account the involved forces.
The positions are analyzed and compared to a reference as well as the orientations along that path. The reference gesture is defined by an experienced obstetrician while carrying out a forceps blade placement. In [13] , we shown that expert obstetrician manage to obtain a high repeatability while placing forceps. The recorded paths are thus compared to a reference path defined from an expert forceps blade placement.
To analyze paths the results have to answer the following criteria according to our expert:
Data have to be analyzed independently of the operator gesture duration; The whole set of data have to be treated and not only some particular points.
By taking into account the dynamics of the gesture, the duration of the procedure to place the forceps blades is not an important parameter. In an emergency case, the fetus has to be extracted as soon as possible. Studies have shown that an extraction by forceps is twice faster than a cesarean section [14] . Moreover, the time needed to carry out forceps blade placement gesture is about ten seconds for experts and could be around one hundred seconds for novices, it is thus a short event compared to a normal surgical procedure. The duration of the gesture should not be taken into account during the gesture analysis as precision is more important than time at the beginning of the training. The gesture is thus studied only in 3-D space.
The whole gesture has to be studied and not only some particular points. Indeed the workspace is inside the maternal pelvis and the forceps are almost always in contact with the pelvic muscles and the fetal head. There is a continuous risk to injure either the mother or the fetus therefore all the points of the path have to be taken into account.
Two methods were previously developed to study the forceps blade placement. The first one presented in [15] allows to study the repeatability of an operator. It lies on the calculation of three theoretical sphere radii. These spheres correspond to the smallest sphere gathering all the defined particular points (departure, return, and arrival points). This study answers to the first criterion defined by obstetricians: the time independence. However, it only takes into account three particular points and does not allow to compare the gesture to a reference gesture defined by experts. A second method was then developed, it is based on the calculation of the error integral between one forceps blade placement and a reference gesture [11] . This method required to normalize data in order to study the whole gesture by comparing every points to the reference gesture. Nevertheless, the normalization implies a modification of data if the duration difference between the studied forceps blade placements is high.
Several researchers have also studied medical gestures in different fields: surgery, dermatology, orthopedics, and radiology for the design of medical robots and to improve surgical techniques. One classic method relies on video analysis of the gesture as it is the case in the study of the laparoscopic gesture by Cao et al. [16] . The gestures is decomposed in four tasks (suturing, tying knots, cutting suture, and dissecting tissue) divided in several subtasks. The studied criterion is the time needed to carry out all these subtasks and tasks. Datta et al. also propose a global rating evaluation of performance according to expert judgments based on video-captured data in order to assess surgical skill [17] . In obstetric applications, it is not possible to do gesture analysis using video because the gesture takes mainly place inside the maternal pelvis. The study can also rely on sensors placed on the medical instrument (force and/or position sensors) which allows to describe the gesture as in Rosen et al. [18] study of an endoscopic gesture or Pierrot et al. [19] study of the gesture of a dermatologist and Al Bassit et al. [20] study of an ultrasonic probe displacements. However, all these studies describe the gesture but do not allow to compare those gesture with another one in order to evaluate operator skills.
One can find in the literature, methods to compare experimental paths as for example the Longest Common Sub-Sequence presented in [21] . Using this technique it is possible to quantify the common part between two sequences and thus to know how similar these trajectories are. However with 3-D gestures, it is very unlikely to find points that are included in both gestures. For this reason, it is necessary to define an interval d which allows to make corresponding nearby points to be into an acceptable tolerance. However, if points do not correspond to the interval d, they are not taken into account. Therefore parts of the paths that are too distant are skipped. Moreover this method does not allow to study the orientations of the paths. Another method used in [22] is based on Dynamic Time Warping. Sielhorst et al. uses this technique to study the placement of forceps. In this study, they use this method to synchronize two obstetric gestures on an augmented reality interface. The main disadvantage of this method is its noise sensitivity. Indeed, Vlachos et al. [21] showed that this method is sensitive to great variations in the signal. Moreover this method, like the previous one, does not take into account the orientations of the path.
Hidden Markov Models (HMM) are also used to evaluate physician gestures [23] . HMM however required a huge set of data in order to compute the different HMM parameters (number of states, transition and observation probabilities). The new method proposed in this paper gives the opportunity to overcome the necessity to have a huge set of data. It is based on simple but effective tools and allows to check the pertinence of the proposed training.
In this study, the aim is not to design a robot allowing to reproduce or assist this gesture but to evaluate objectively obstetrician gestures in order to validate the training and to define how well a trainee can learn a trainer gesture in 3-D space. This evaluation makes it possible to check that trainees learn the correct gestures in order to decrease the compulsory time of training in the delivery ward.
One of the objectives of our approach is to improve the teaching thanks to the training on the BirthSIM simulator, and to transfer the knowledge of an expert to juniors out of the delivery ward. The gestures carried out by the novices are thus compared with the expert gesture which is used as the reference. It is then possible to check qualitatively and quantitatively if trainee manage to acquire this knowledge by reproducing the reference gesture accurately.
Training for forceps blade placement and its evaluation
In this study, a trainer is defined as an experienced obstetrician who has ten years of experience or more and who uses the forceps in more than 80% of his instrumented interventions. Concerning trainee, they are junior obstetricians with less than twelve months of obstetrical experience.
As explained in Section 2.2, only the forceps blade placement is studied. The extraction gesture will be a part of another study once trainee acquire enough experience to correctly handle forceps. The study presented in this paper relates therefore to the path analysis recorded with the position sensors during the forceps blade placement. Concerning the path, we only track the extremity of the forceps which is in permanent contact with the fetal head. A frame transformation described in [13] was carried out to achieve this objective (Fig. 2) .
Experimental protocol
In collaboration with the Lyon Hospital Network (Hospices Civils de Lyon-HCL), three trainees were trained on the BirthSIM simulator. The training is carried out under the supervision of an experienced obstetrician who has the role of the trainer. The presentation is cephalic, i.e., the head comes in first and corresponds to a station and location OA+2 (Occiput Anterior location and station +2 cm from the ischial spines plan) according to the ACOG (American College of Obstetrics and Gynecology) classification [24] . This forceps blade placement is known to be quite difficult. Indeed the station +2 indicates that forceps have to be placed deep inside the maternal pelvis to circumvent the fetal head, this is the difficult part. Location OA means that forceps will be placed in a symmetrical way, both blades will have symmetrical path.
The training lasted three days at the rate of one hour a day. At the beginning of the training, the trainees placed the forceps as they will do in the delivery ward without any advice from the expert. Then, during the training, the expert explained to them how to correctly place the forceps using the mechanical and the visual components of the BirthSIM simulator. Their gestures were recorded progressively throughout their training. Indeed three gestures per day were recorded and analyzed to see their skill evolution according to the training days. Concerning the sampling rate provided by the sensors, data were sampled at a rate of 40 Hz. The three recorded placements were carried out at the end of the training day because an operator will have acquired a better gesture at the end of the training day than at the beginning of the following one (except for the first day to evaluate their skill before the training). At the end of the training nine measurements for each trainee were obtained.
In order to reproduce the reference gesture, trainee can use a visualization interface where concentric spheres, called ''guide spheres" (Fig. 3a and b) , with various radii (one, two, and three centimeters) are represented. The centers of these spheres correspond to the coordinates of five particular points distributed regularly along the reference path defined by the trainer [25] . The training consists of passing the forceps blades the closest to the centers of those spheres in order to reproduce the reference gesture. In a learning session, trainee can visualize their gestures off line and have a critical analysis a posteriori. They also have the possibility to compare on the visual interface their paths with another trainee or with the reference gesture. During the evaluation sessions, trainees do not have access to the visualization interface.
Only three trainees and one trainer were involved in the study because we did not have the possibility to study more junior obstetricians within the framework of simulator training. The objective of the paper is to offer a method to analyze the medical gesture. Larger measurement campaign is planned to be carried out in order to have more representative results. This paper offers a new method for 3-D path analysis which takes into account at the same time the whole path and solves the problem of time independence. Thus, to evaluate a path compared to a reference, the determining feature chosen is the path curvature. It is thus calculated and compared with the reference one. To calculate curvature, data are first expressed according to their cumulated chord length as in [26] where authors developed a software to assess surgical skills according to the path length, the total time and the total number of movement carried out by operators. In this paper, the cumulated chord length is used to guarantee time independence.
The sensors give us the position and the orientation information with respect to time such as: RðtÞ ¼ ½xðtÞ yðtÞ zðtÞ. Once the cumulated chord length l is calculated, data are then expressed with respect to this parameter, we thus obtain: RðlÞ ¼ ½xðlÞ yðlÞ zðlÞ.
Concerning the chord length s i , let defined it as the Euclidean distance between two consecutive points between P i and P iþ1 where i is from 0 to n À 1 with n the number of sampled data. Let the distance in each direction be defined by:
where x i , y i , and z i are the ith components of the forceps positions.
Let the cumulated chord length l be defined as:
. . 
Instead of expressing data with respect to a time vector t, they can now be expressed with respect to the cumulative chord length l. As in [27] , we propose to apply a gaussian filter in order to minimize noises from the tracking device and to smooth data. RðlÞ are then filtered using this formula for k from 1 to n where n is the number of sampled data and S k ðlÞ corresponds to the kth filtered data line:
where dðP i ; P k Þ is the cumulated chord length between P i point and the central point of the filter window denoted P k . The setting of the cut-off frequency r and the size of the half filter window m are developed in the Section 3.2.2. The curvature of each path, denoted j, is calculated according to (6) and (6) . The characters 0 and 00 indicate, respectively, the first and second derivative. They are calculated with respect to the cumulated chord length by the second order central derivative approximation. Once the data are expressed with respect to the chord length l and not anymore with respect to time t, the formula to proceed to the calculation of the curvature j for the ith section of the curve can be written [28] :
This formula is invariant with respect to the parametrization and it is therefore a measure of an intrinsic property of the curve. If the curve is parametrized with respect to the chord length l, such parametrization implies that the norm of the second derivative with respect to the chord length is equal to one. This kind of curves are known as unit-speed curves. A more concise relation can be therefore used to calculate the curvature of the ith line of the curve [28] :
For each section of the curve, the curvature is calculated. A vector j pos can be thus defined as a vector gathering all the curvature data concerning the curve positions.
The curvatures of each blade path are then compared to each other by calculating the Pearson's correlation coefficient [29] , denoted r pr . This latter allows to calculate the linear relation between two curvatures denoted A ! and B ! . Because both vectors need to have the same size, we thus proceed to a normalization of the curvatures before calculating the Pearson's coefficient.
with: A i is the ith component of the first curvature vector; A m is the average of the components of
is the ith component of the second curvature vector; B m is the average of the components of B ! .
Tuning gaussian filter parameters
To determine x and r, several values of r are studied for a given filter window size x. In the same way the window size takes several values but has to be always odd:
The Fig. 4a and b shows the behavior of r pr with respect to r and x. A preliminary study allowed to reduce the interval of study of r. On these figures, r varies from 0.01 to 0.2 and several window sizes x for the filter are studied (x varies from 3 to 81). First, we notice a similar behavior for both blades, therefore the couple (r, x) depends only on the sensor noises. One notices that from a certain value of x (x ¼ 11), r pr depends above all on r. For low values of x (x 6 11), the curve is nearly constant with respect to r. Indeed the filter does not take into account enough points to calculate the filter. For x > 11, the curve decreases rather quickly for values of r higher than its optimal value because the signal becomes too smoothed.
The chosen couple r and x corresponds to the best correlation coefficient obtained by comparing two expert paths. Experimental results show that r ¼ 0:08 is the best result. Indeed by analyzing qualitatively two expert paths, a high quantitative result, i.e., a high correlation coefficient is expected. Therefore, the gaussian filter parameters are chosen for the best results for two expert paths (one is defined as the reference and the another one is similar to the reference). For x ¼ 21 the correlation coefficient is almost constant, the window size x thus takes the value 21. For these values (r ¼ 0:08 and x ¼ 21) the r pr is 70% for both blades of two expert paths. Other expert paths were compared to the reference and the quantitative results confirm the qualitative results depending on how similar the paths look like. Thus this tuning of parameters seems to be sufficiently precise in our case.
Analysis of the sensor orientation
Let denote the set of quaternions . The temporal orientation trajectories are studied in the unit norm quaternion space 1 ⊂ [30] . The sensors yield continuous angular values with three degrees of freedom. The aeronautical convention for yawl, pitch, and roll is followed. To know u represents the rotation about the z ! -axis or yawl; h represents the rotation about the y ! -axis or pitch; and finally, w represents the rotation about x ! -axis or roll. A quaternion q consists of a scalar part and a vector part . A special subset of the quaternion space is defined when kqk ¼ 1, then q is called an unit norm quaternion. The particular subset is of special interest since it allows the characterization of orientation trajectories.
Any general three-dimensional rotation can be transform into an unit norm quaternion . To know, such transformation is the product of the individual quaternions for each of the rotation axes. Here, the symbol Â denotes the quaternion product operator in and qx; qŷ; and qẑ are the quaternion values for each individual axis:
The orientation trajectories of the studied gestures can then be visualized on a four-dimensional unit sphere (Fig. 5) .
Quaternions also have a special modality where the scalar part s is equal to zero. These are called ''pure" quaternions. A pure quaternion is expressed as q ¼ ½0; ðx; y; zÞ, with .
Any unit norm quaternion can be transformed into the ''pure" quaternion form without altering orientation part of the information. The distance between two adjacent quaternions (q and q 0 ) is defined as the minimum chord length on the geodesic great circle that crosses both quaternion values:
were the operator Á denotes the quaternion dot product. For small displacements on surface of the unit four dimensional sphere, the inter-quaternion distance (12) can be simplified to:
or if it is a ''pure" quaternion: then:
Once the distance, which corresponds to the chord length, is known, data are treated as before:
Expression of data according to their cumulated chord length. Application of a sliding gaussian filter window in order to smooth data. Calculation of the curvature from the second derivative with respect to the cumulated chord length. Calculation of the correlation coefficient between the curvatures of the studied path.
Algorithm of the method
The following algorithm sums up the retained solution to compare two human gestures: This algorithm is available to analyze position and orientation data in order to compare two gestures and thus to evaluate a gesture relative to an ideal one defined by experts.
Results
By calculating the correlation coefficient between the curvatures of the trainee paths and the reference curvature during their training, it is possible to quantify the progression of the trainee skills.
Figs. 6 and 7 represent the analyzed paths with in bold the expert path which has been used as reference. The three other paths correspond to the forceps blade placement carried out by a novice (at the beginning of the first training day for the Fig. 6 and at the end of the third training day for Fig. 7) .
On these figures, from a qualitative point of view, the paths after the training are more similar to the expert one than before the training, in the next section the study of the correlation coefficient between the curvatures allows to quantify this similarity. Table 1 gathers the results with respect to the training day (from 1 to 3). The result in percentage indicates the rate of similarity with the expert path which has been used as reference. This result corresponds to the average of the three recorded paths at the end of the training day (except for the first day where the first forceps blade placements were recorded to know their skill before the training). Fig. 7 . Trainee paths at the end of his training compared to the expert path (in bold).
Analysis of the sensor positions
Table 1
Evolution of the correlation coefficient of the curvature for the positions in % for trainees according to the training day rpr of the curvature for the positions TD 1  TD 2  TD 3   T 1  LFB  34%  11%  46%  RFB  28%  25%  53%   T 2  LFB  18%  38%  44%  RFB  3%  44%  33%   T 3  LFB  29%  17%  35%  RFB  28%  26%  61%   Average of the trainees  LFB  27%  22%  42%  RFB  20%  32%  49% In this table (Table 1) LFB means Left Forceps Blade, RFB Right Forceps Blade, T Trainee, and TD Training Day. These notations are used for the rest of the paper.
In this table, we observe a raise of the correlation coefficient between the path curvature of the trainee and the expert one during their training. At the end of the training, all trainees manage to obtain more than 44% of similarity except for the right blade of trainee 2 and the left blade of trainee 3.
Let arbitrarily consider the correlation coefficient r pr as:
excellent if r pr is beyond 70%; good if r pr is between 50% and 70%; fair if r pr is between 30% and 50%; poor if r pr is between 10% and 30%; and very poor if r pr is less than 10%.
By rearranging the results according to this distribution, we obtain the Table 2 .
This table shows the progression of the trainees according to the training day, all their results are fair and good at the end of the training whereas they only have poor and very poor results before the training.
It is then possible to find where high variations of the curvature occur. These variations represent fast modifications of the direction which could lead to injuries for the fetus and the mother during real deliveries. They could also represent hesitations during the forceps blade placement or simply a withdrawal of the forceps blade in order to replace it correctly. Fig. 8a and b represent peaks on the curvature and their corresponding points on a novice path during the first training day. Fig. 9a represents the corresponding curvature during the third training day of the forceps blade placement shown on Fig. 9b . Peaks are represented by squares on these figures. They appear when their values are beyond the threshold of high curvature variations. This threshold is fixed at a value of 5 but could be changed according to the expert choice. For increased clarity, only the path and the curvature of left forceps blade are represented on these figures.
On both figures, it is possible to visualize where trainee has suddenly changed the direction of his forceps blade. In Table 3 , the number of the curvature points beyond the threshold fixed at value 5 are represented according to the training day. This number represents the average of the number of peaks for the three paths recorded during each training day. Smaller this number is, smoother the path is, and less dangerous the gesture is. Some of the peaks on the curvature appear at the beginning or at the end of the gestures, i.e., when the forceps entered inside the maternal pelvis, or took its final position behind the fetus ear, or due to the fact that the right blade has to be assembled with the left one to complete the placement. We decide thus to count two kind of peaks according to their position during the gesture. In Table 3 , the column 100% corresponds to the total number of peaks and the column 80% represents the peaks which appears between 10% and 90% of the total chord length in order to avoid taking into account the extremity peaks. The peaks in this area are potentially dangerous because they appear while the blade is displaced along the fetal face.
Except the trainee 1 with his right blade all trainees manage to reduce their number of peaks, this result means that fast modifications of the direction during forceps blade placement are reduced. At the end of the training, the trainees obtained similar results than the expert. Indeed for both blades on the reference paths there are 9 peaks and only 2 of them appear between 10% and 90% of the total chord length. The visualization component of the BirthSIM simulator could help novice to modify his gesture in order to become smoother and surer. As shown on these figures and in the table, trainees manage to reduce their number of peaks, in other terms, their gesture become smoother during the training.
Concerning the position analysis, we can conclude that the trainee 1 has still to continue training to smooth his gestures while placing its right forceps blade. Otherwise, the trainees have manage to improve their skills and may proceed to the traditional training in order to gain more experience. ures show that the trainee manages to improve his path and become more similar to expert. This result shows that the quaternion unit space allows to quantify this skill progression.
The Table 4 gathers the correlation coefficient for the curvature of the orientation paths.
As previously the trainee skills raise up to 40% except for the left blade of trainee 1 and 3. Concerning the expert results, the correlation coefficient is 75% and 70% of similarity, respectively, for the left and right forceps blade.
If the correlation coefficients are gathered according to the distribution presented Section 4.1, the Table 5 is obtained.
As for the position study, trainees have better results at the end of the training. None results are very poor and only one is poor conversely to the beginning of the training whereas all results are very poor and poor except one which is fair. Fig. 9 . Positions of the peaks on the curvature and on the 3D path for the left blade of a trainee during the third training day.
Table 3
Evolution of the number of curvature peaks beyond the threshold for the positions for trainees according to the training day Number of peaks T 1  T 2  T 3   LFB  RFB  LFB  RFB  LFB  RFB   TD 1  100%  18  17  20  24  29  40  80%  6  11  14  10  20  28   TD 2  100%  18  29  7  25  27  40  80%  10  21  2  10  23  24   TD 3  100%  12  35  11  16  17  4  80%  3  21  2  4 The study of the high variations of the curvature concerning the orientation paths are gathered in Table 6 where the number of the curvature points beyond the threshold fixed at 5 are represented according to the training day as for the positions. This number represents the average of the number of peaks for the three paths recorded during each training day. Peaks are gathered in two groups to distinguish the extremity peaks and the ones appeared between 10% and 90% of the total chord length.
As for the positions, except the right blade of trainee 1, all of them manage to reduce their number of peaks, this result highlights that important changes of direction during forceps blade placement are reduced. For the reference paths, the numbers of reached peaks are 16 (2) and 18 (7), respectively, for the left and right forceps blade (the number in brackets indicates the number of peaks appeared between 10% and 90% of the total chord length). The trainees finally obtained similar results than expert at the end of the training.
Discussion and conclusion
The evaluation of an operator is compulsory in order to validate a training method. In this paper, a general method based on the six degree of freedom measurement of a medical gesture was developed in order to quantify the progression of novice skills compared to an expert.
By calculating the path curvature during the forceps blade placement, it is possible to evaluate the gestures of trainees compared to a reference defined by an expert. To respect obstetrician requests, the time independence of the analysis is ensured by expressing data with respect to the cumulated chord length of the path and by studying the orientations in the quaternion unit space. The correlation coefficient allows to establish how similar two paths are. The count of peaks of the curvature beyond the threshold represents how smooth the forceps blade placement is.
Simulator training allows to proceed to risk-free training and reduce the training period. Some of the trainees obtained sufficient results to proceed to the traditional training in the delivery ward. However, they still have the possibility to train on the BirthSIM simulator in order to increase their results. Indeed they now know where they have to improve their gestures in order to obtain gestures similar to those expected in forceps blade placement. The trainees learn how to correctly place the forceps by visualizing the path of an expert represented by guide spheres thanks to the visual interface of the simulator. The progression of the trainee skills is observed qualitatively and with the method developed it is possible to quantify this progress.
The next series of measurement carried out on the BirthSIM simulator will have to take into account more novices and with a more important follow-up of them. The objectives will be to know if a training using a simulator allows trainees to acquire a first useful experience before carrying out forceps during a real childbirth and in the long term to show the utility of a childbirth simulator. Moreover dynamic childbirth procedures using an electro-pneumatic part have just been validated by our expert and should lead to a new series of measurement where the trainees will learn how to correctly place the forceps but also how to extract the fetus by applying minimal forces of traction so that the birth process is the most possible natural. 
